in the Supplemental Data availgenes in the development of sepals. We also find that able with this article online, and Figures 1A-1C) . As was SEP4 contributes to the development of petals, stafound for SEP1, SEP2, and SEP3, RNA for SEP4 could mens, and carpels in addition to sepals and that it not be detected in inflorescence meristems or in stage plays an important role in meristem identity. These 1 flower meristems. SEP4 RNA was first observed throughand other data demonstrate that the SEP genes play out stage 2 flower primordia ( Figure 1A 
never observed on wild-type carpels but were frequently observed on those of sep1 sep2 sep3/ϩ sep4 plants. SEP activity below a threshold critical for proper floral organ development. Because the loss of SEP4 can affect The gynoecium was often supported by an elongated gynophore, and many flowers displayed a loss of fourththe development of all four organ types, it is apparent that SEP4 plays a role in petal, stamen, and carpel develwhorl determinacy such that flowers arose within flowers ( Figure 3D ). This loss of floral meristem determinancy opment as well as in sepal development. Since previous work [3, 4] and work presented here show that SEP1, is a well-documented feature of situations in which C-function activity is compromised [9] . The severe distortions SEP2, and SEP3 play roles in specifying the development of sepals, petals, stamens, and carpels, we conof floral organ development that were seen in early flowers lessened over time so that later-arising flowers apclude that all four SEP genes are important for the development of all four whorls of Arabidopsis flowers. peared more normal. However, even later-arising flowers displayed significant perturbations of organ development It should be noted that, whereas the data indicate overall SEP functionality to be fundamentally additive, (Figure 3E ). Eventually, plants with a sep1 sep2 sep3/ϩ sep4 genotype set viable seed.
individual SEP genes nevertheless contribute disproportionately to organ development. The removal of two copThese data suggest that the SEP genes contribute to floral organ development in a redundant and additive ies of SEP4 from a sep1 sep2 sep3/ϩ background (described above), for example, has a less dramatic effect fashion. While a sep1 sep2 sep3/ϩ mutant has enough remaining SEP function to support relatively normal on flower development than does removal of the single remaining copy of SEP3 (sep1 sep2 sep3), whereas a flower development, the removal of SEP4 lowers overall 
sep1 sep2 sep4 mutant shows no significant perturbawild-type CAL gene (Figure 4F). One explanation for these results is that the SEP proteins are required for tion of floral organ development (data not shown). These observations suggest that SEP3 is significantly more CAL protein activity just as they have previously been shown to be required for activities of the B-and C-gene critical for flower development than SEP4. Whether this difference is attributable primarily to variations in protein
products. We also found that an ap1 sep4 double mutant had a meristem identity defect intermediate between function or to RNA expression, however, is unknown. It is worth noting that in vitro work has shown SEP3 to that of ap1 and ap1 cal mutants. Inflorescences of ap1 sep4 plants appeared cauliflower-like early after bolting be a significantly stronger transcriptional activator than either SEP1 or SEP2 [4] . but soon began to produce ap1-like flowers on their periphery and maintained this general appearance (cauliflower-like center, ap1-like periphery; Figure 4C ) for a SEP4 Is Involved in Maintaining Meristem Identity In addition to alterations in organ identity, sep1 sep2 considerable time before the cauliflower-like character diminished. The intermediate nature of the ap1 sep4 sep3 triple mutants also display a slight loss of flower meristem identity as evidenced by occasional secondphenotype suggests that a sep4 mutation has a similar but less severe effect on maintenance of floral meristem ary flowers in the axils of first-whorl organs [3] ( Figure  S2A ). The loss of floral meristem identity is even more identity than does a cal mutation and again suggests that SEP4 protein is required for full activity of CAL extreme in the case of sep1 sep2 sep3 sep4 quadruple mutants ( Figure S2B ). To further examine the meristem protein.
Interestingly, we found that the sep4 mutation enidentity role of the SEP genes, and SEP4 in particular, we combined various SEP mutations with mutations in hanced the meristem identity defect of ap1 cal cauliflower mutants ( Figure 4E ). Although inflorescences of the AP1 and CAULIFLOWER [CAL] meristem identity genes. Mutations in AP1 lead to the development of flowap1 cal sep4 mutants looked indistinguishable from cauliflower structures formed by either ap1 cal or ap1 sep1 ers in the axils of first-whorl organs, and this has been interpreted as a partial conversion of flower meristems sep2 sep4, the ap1 cal sep4 triple mutant inflorescences nevertheless took 7-10 days longer than ap1 cal mutants into inflorescence meristems [10] (Figure 4B ). This conversion is nearly complete in ap1 cal double mutants, did to begin producing flowers (unpublished data). In ap1 cal sep4 mutants, the increased flower meristem in which flower meristems behave like inflorescence meristems and continuously elaborate new meristems, identity defect cannot be attributed to a decrease in CAL function. However, since ap1 cal sep4 mutants resulting in a "cauliflower" phenotype [10] (Figure 4D ). Although ap1 cal double mutants elaborate meristems eventually produce flowers, it is clear that one or more additional genes must be playing a role similar to CAL for a considerable period of time, flowers resembling those of ap1 single mutants eventually appear and set in promoting flowering. The FUL gene, which is a close relative of both AP1 and CAL, has been shown to funcseed. Because cal single mutants cannot be distinguished from wild-type, it appears that all of the function in specifying floral meristem identity and to be required for the eventual flowering of ap1 cal mutants [11] . tions of CAL are encompassed by those of AP1.
Remarkably, when we constructed the ap1 sep1 sep2 Therefore, one interpretation for the delay in flowering of ap1 cal sep4 is that loss of SEP4 activity results in a sep4 quadruple mutant, we found that these plants produced a cauliflower phenotype similar to ap1 cal mudecrease of FUL activity such that the ap1 cal sep4 mutant has a phenotype intermediate between that of tants, even though the plants were homozygous for the Figure S3C ). These terminal flowers frequently widespread and ancient structural conservation sugconsisted of a fusion of multiple flowers that had appargests that SEP genes have been important for plant ently originated from the inflorescence meristem at reproduction since before the appearance of Angioaround the same time, and they typically had many more sperms over 140 million years ago. The primary role of than the number of organs that a single flower would SEP proteins appears to be in facilitating the formation normally produce. The fact that the inflorescence meriof specific transcription complexes and in conferring stem terminated after producing these flowers indicates upon these complexes transcription activation potential that the ectopic expression of SEP4 was sufficient to [4, 19] . This suggests that the other MADS-box proteins convert the normally indetermimate inflorescence meriwithin such complexes contribute primarily to promoter stem into a floral meristem. These phenotypes are simiselection, although it has not been ruled out that SEP lar to what has been observed for terminal flower (tfl) proteins might influence this process as well. As summamutants, in which lack of TFL activity allows the infloresrized in the "floral quartet" model, a wide array of heterocence meristem to be consumed in the production of meric complexes can be derived from various combinaterminal flowers rather than be maintained in order to tions of SEP proteins and other MADS-box proteins [20] . produce additional flowers [12] , and supports the proBecause each of these is likely to possess a unique posed role of SEP4 in promoting flower meristem level of transcriptional activation capability [13] , it is clear that the SEP gene family endows the cell with identity.
